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O P E N A C C E S S P a r t n e r www . t h r e a t e n e d t a x a . o r g I S S N 0 9 7 4 -7 9 0 7 ( O n l fi n e ) | I S S N 0 9 7 4 -7 8 9 3 ( P r fi n t ) B u fi l d fi n g e v fi d e n c e f o r c o n s e r v a fi o n g l o b a l l y J o u r n a l o f T h r e a t e n e d T a x a P u b l fi s h e r / H o s t F o r F o c u s , S c o p e , A fim s , P o l fi c fi e s a n d G u fi d e l fi n e s v fi s fi t h t p : / / t h r e a t e n e d t a x a . o r g / A b o u t _ J o T T F o r A r fi c l e S u bm fi s s fi o n G u fi d e l fi n e s v fi s fi t h t p : / / t h r e a t e n e d t a x a . o r g / S u bm fi s s fi o n _ G u fi d e l fi n e s F o r P o l fi c fi e s a g a fi n s t S c fi e n fi fi c M fi s c o n d u c t v fi s fi t h t p : / / t h r e a t e n e d t a x a . o r g / J o T T _ P o l fi c y _ a g a fi n s t _ S c fi e n fi fi c _M fi s c o n d u c t F o r r e p r fi n t s c o n t a c t < fi n f o@ t h r e a t e n e d t a x a . o r g > Marmots (genus Marmota) are large, generally social ground squirrels (Sciuridae: Marmotini) that evolved and radiated in North America in the Miocene and Pliocene era and spread into Eurasia in the late Pliocene or early Pleistocene. They are Holarctic rodents with marked adaptations for living in cold climates (Armitage Abstract: The Himalayan Marmot Marmota himalayana is one of the largest rodents of cold desert habitats, found mainly between 3,500-5,200 m above the timberline. It is regarded as an ecosystem engineer and constitutes part of the diet of some globally endangered carnivores in the Trans-Himalayan region. Being one of the least studied rodents, a survey was carried out in different habitats of Leh District along the altitude gradient to assess the status and distribution of Himalayan Marmots. A total of 110 individuals of Himalayan Marmots were sighted in the surveyed stretches of Leh District with a maximum mean count of encounter of 2.71 in the Tangtse-Chushul sector. The grasslands were the most preferred habitat (41.67% activity observed), whereas, cultivation area being frequently disturbed for agricultural operation were least preferred by the marmot. Most of the population of marmot was found between 4,000-4,500 m altitude and the steep slopes (42.05%) where loose soil was available for excavation of burrows.
Distribution and population of Himalayan Marmot
Keywords: Altitude, Alpine, distribution, Himalayan Marmot, Leh, threatened species. 2000, 2013) . The habitats occupied by marmots range from small, widely scattered alpine meadows to the widespread steppe environment. Due to human interventions and climate change issues marmots are facing threats to their survival across their distribution range. Globally all the recognized 15 species of marmots are restricted to the northern hemisphere (Steppan et al. 2011) , of which six species occur in North America and nine in Eurasia (Armitage 2013). Of these only two species occur in India, viz., the Long-tailed Marmot or Golden Marmot Marmota caudata (Least Concern; Cassola 2017) and the Himalayan Marmot Marmota himalayana (Least Concern; Shrestha 2016). The former is a common resident of central and western Ladakh, between 3,500m and 5,000m, occasionally also seen in the lower valley slopes. The latter inhabits a restricted zone ranging from 3,500m to the timberline/cold desert (5,200m) between 47.5-67 cm and tail length between 12.5-15 cm with an average body weight between 4-9.2 kg (Thorington Jr. et al. 2012) . The Himalayan Marmot is regarded as an ecosystem engineer because of the effect of its burrowing on soil fertility and plant diversity in the mountain ecosystems (Brown & Heske 1990; Bagchi et al. 2006) . Himalayan Marmots are also considered as pests in parts of the Asian highlands, and in some areas are frequently subject to lethal control (Jing et al. 1991; Zhong et al. 1991; Bagchi et al. 2006) . Marmots are also harvested for fur, meat, and illegal trade, and may in some countries be over-harvested. In affected areas, harvesting for illegal trade and lethal control are considered the major causes of decline of marmot populations (Bagchi et al. 2006; Murdoch et al. 2009 ). Except for some scattered reports of Pfister (2004), Tak & Sharma (2003) , Alfred et al. (2006) and Ahmed et al. (2016) on distribution and abundance, the Himalayan Marmot is the one of the least studied rodent species in the Palearctic region.
Considering this, a survey was carried out from June to September in 2014, 2015 and 2016 in different habitats along the altitudinal gradient to assess the status and distribution of Himalayan Marmots M. himalayana in Leh District. The current information is expected to help future researches on this lesser known species.
Materials and Methods (a) Study area
The targeted area for study was Leh District, which includes three tehsils, namely, Leh, Khalsi and Nubra. (Fig. 1) .
The vegetation of Ladakh is mainly 'dry alpine scrub' with no forest cover. The vegetation is desert-like, consisting of low shrubs and herbs, however, some trees like poplar, Populus spp. and willow, Salix spp. grow along river-valleys. The rangelands of the region are also characterised by low graminoid biomass (Mishra 2001 (Namgail 2009 ).
(b) Survey
The survey was carried out along three major routes in such a way that each of the three tehsils of Leh was well represented. The major routes considered for survey were Kargil-Matayen-Khalsi-Leh (Route 1); LehKaru-Chang la-Tangtse-Lukung-Chusul (Route 2) and Leh-Khardungla-Hunder & Panamik (Route 3) across the altitude, beginning from Khaltse at an altitude 2,987m to as high as Khardung la at an altitude of 5,342m. Besides, Matayen village of Kargil at an altitude of 3,247m was also included in the study due to the presence of marmots near crop fields. Following Alfred et al. (2006) the survey was conducted by road transect method on a vehicle driven at a slow speed (15-20 km/h) to record the Himalayan Marmot sightings. During the survey, marmots were seen in the barren land near the steeps, along the green grassy undulating riverbeds very close to water and rocky areas near the base of hills since their distribution was not continuous. So, it was decided that wherever such potential habitats were seen during the survey along the valleys, roughly half an hour was spent in the vehicle quietly to count the marmots, seen either basking or feeding in their potential habitats along valleys. On foot inspection of such patches was also done to ascertain the presence of live burrows. Due to hostile weather conditions, on high altitude and serpentine marshy riverbeds it was very difficult to standardize length and width of transect strips. After assessing four to five good marmot inhabited patches, a small strip of 100m length and 20m width was selected for live marmot burrows count to record height and width of the entrance. Behavioral observations and actual counts of the individuals out of the burrows were made with the aid of Zeiss Dialyt 10x40 B field binoculars. Two to three observers validated counts in each patch during bright day light hours and the time spent in each patch was kept constant throughout the study area. Photographs were also taken using 300mm zoom lens of Nikkor fitted to a Nikkon camera.
The following nine sectors/segments under the three major routes mentioned earlier were surveyed (Fig. 1) 1. Kargil-Mateyen-Khalsi-Leh 2. Leh-Durbuk-Tangtse 3. Tangtse (Table 1) . Similar observations were also reported by Alfred et al. (2006) . The presence of maximum population of marmots in Tangtse-Chushul sector may be attributed to the sparse and low human population in the region. Ahmed et al. (2016) also reported avoidance of human activities by marmots in Kargil areas. Altitude wise maximum population of marmots was observed at an elevation above 4,000m. Ecological studies also suggest that Himalayan Marmots most often occur between timberline and snowline (Armitage 2000). In the stretches, Kargil-Leh, Tangtse-Lukung-Chusul, KhalsarPanamik and Leh-Hunder the population of marmots were more in hilly areas (65.12%) followed by valleys (24.42%) and plateaus (10.4%). The population at different topography levels was significantly different (X 2 =41.58,df=2, p<0.01). It may be due to the habitat preference of marmot as they inhabit crevices/dens in the foothills. Similar observations were recorded by Ahmed et al. (2016) for Long-tailed Marmot in their study area of Rangdum Valley (Kargil). Higher population of marmots in these stretches having vast grassland may be attributed to adequate food and shelter availability due to more grass cover. Alfred et al. (2006) also found that the population of marmots was less in areas with less grass cover.
Lower slopes in the surveyed stretches were occupied Distribution and population density of Himalayan Marmot in Leh-Ladakh, India Chaudhary et al.
more by Marmots (66.29%) than middle (26.97%) and upper (6.74%) slopes. This difference in occurrence of Marmots in different slopes was significant (X 2 =87.75, df=3, p<0.01). More vegetation cover in the vicinity and ease of access may be the reason for more occupancy of lower slopes. Rodrigue et al. (1992) also observed that slope, sun exposure and plant cover significantly affect the habitat choice by Marmota marmot in the French Alps. Our findings of significantly more population of marmots at lower slopes are in line with the findings of Ahmed et al. (2016) for Long-tailed Marmots. In the present survey, the maximum number of marmots was observed in areas of steep slope (42.05%) as in these areas soil was loose and made up of moraine making it is easy for marmots to excavate burrows. In the area of moderate and flat slope the population of marmots was almost at par, whereas it was less in the areas of very steep slopes ( Table 2) . The results are congruent with Ahmed et al. (2016) , who also observed a similar pattern of distribution of Long-tailed Marmots in Rangdum Valley. The higher sighting of marmots on slopes also corroborates with the findings of Panseri & Frigerio (1996) and Qureshi et al. (2015) . Marmots in general prefer steep to moderate slopes, as such slopes provide good drainage (Armitage 2013) . In all the nine surveyed stretches (Table 1 ) damage in cultivated fields due to marmots was observed in Matayen Village in Kargil-Leh stretches only. We observed four marmots near cultivated fields, where their burrows were located mainly in foothills. Excavated burrows in the field were almost negligible. In other stretches, no activity of marmots was observed near cultivated fields. Maximum activity of marmots was observed in grassland (41.67%) followed by scrubland (29.76%), the reason probably being the availability of food and ease in excavation of burrows. A significant variation in the activity of marmots was observed in the different habitats (X 2 =42.27, df=4, p<0.01), which was in conformity with the reports of Ahmed et al. (2016) .
The study reveals a fair abundance of Himalayan Marmots in Leh District, as their activities were observed in all the tehsils. Among the different sectors surveyed the maximum marmots were encountered in the Tangtse-Chusul sector. Himalayan Marmots most often occur between timber and snowline and in our study also the maximum number of marmots were observed at an elevation of above 4,000m. Steep slopes being the area of loose soil and moraine was preferred by the marmots due to ease in excavation of burrows. Grasslands were the most preferred habitat for the Himalayan Marmot (41.67% activity observed) due to availability of food and safe shelter with least disturbance. Cultivation areas being most disturbed were least preferred by Himalayan Marmots. 
